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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  -  INSPECTION  REPORT 
BRIEF  ASSESSMENT 

Identification  No:  NH  00330 

Name  of  Dam:  Bowers  Dam 

Town:  Nashua 

County  and  State:  Hillsborough,  New  Hampshire 

Stream:  Pennichuck  Brook 

Date  of  Inspection:  March  25,  1980 

Bowers  Dam  is  an  earthen  embankment  dam  about  420  feet  long  with  a  maximum 
height  of  approximately  25  feet.  Located  near  the  right  abutment  is  the  principal 
spillway  which  consists  of  a  56  feet  long  wood  spillway  structure  approximately 
25  feet  high  from  the  bottom  of  the  downstream  channel  to  the  top  of  the  stoplog 
bays  and  constructed  between  mortared  cut  stone  training  walls.  Located  about 
80  feet  to  the  left  of  the  spillway  structure  is  a  5.0  feet  diameter  riveted  steel 
plate  penstock  which  extends  about  58  feet  through  the  left  embankment  and 
discharges  at  the  downstream  toe. 

The  dam  impounds  water  from  Pennichuck  Brook  and  the  spillway  discharges  to 
Harris  Pond  immediately  below  the  dam.  The  purpose  of  the  dam  is  to  create 
Bowers  Pond  as  a  water  supply  for  the  Pennichuck  Water  Works  and  to  regulate 
the  level  of  Harris  Pond  immediately  downstream.  The  pond  is  about  1.67  miles 
in  length  with  a  surface  area  of  about  87.3  acres.  The  maximum  storage  capacity 
is  about  1,120  acre  feet. 

As  a  result  of  the  visual  inspection  and  the  review  of  available  data  regarding 
this  facility,  the  dam  is  considered  to  be  in  FAIR  condition.  Major  concerns  are: 
lack  of  erosion  protection  on  the  crest  and  slopes  of  the  embankment;  damage  to 
the  penstock  gate  stems;  lack  of  a  low  level  regulating  outlet  that  would  allow 
drawdown  of  the  pond  below  elevation  169.30  in  an  emergency;  and  the  inadequacy 
of  the  spillway  to  pass  the  test  flood. 

This  dam  is  classified  as  INTERMEDIATE  in  size  and  a  SIGNIFICANT  hazard 
structure  in  accordance  with  the  recommended  guidelines  established  by  the  Corps 
of  Engineers.  The  test  flood  for  this  dam,  therefore,  ranges  from  one-half  the 
Probable  Maximum  Flood  (1/2  PMF)  to  the  Probable  Maximum  Flood  (PMF).  Since 
the  dam  falls  on  the  lower  end  of  the  intermediate  size  range,  the  1/2  PMF  was 
utilized  for  this  hydrologic  analysis.  The  test  flood  inflow  was  estimated  to  be 
11,500  cfs  and  resulted  in  a  routed  test  flood  outflow  equal  to  10,200  cfs  which 
would  overtop  the  dam  crest  by  about  5.0  feet.  The  spillway  capacity  (with  the 
"typical"  arrangement  of  stoplogs  in  place)  with  the  water  level  at  the  dam  crest 


was  esimated  to  be  950  cfs  which  is  only  about  9  per  cent  of  the  routed  test 
flood  outflow.  An  assumed  breach  with  the  reservoir  surface  at  the  dam  crest 
would  overtop  Manchester  Street  by  more  than  3  feet  and  the  Harris  Pond  Dam 
crest  by  nearly  1  foot.  This  could  compromise  the  integrity  of  Harris  Pond  Dam 
and  would  result  in  the  loss  of  a  significant  portion  of  the  water  supply  for  the 
city  of  Nashua.  The  Supply  Pond  Dam,  which  is  located  downstream  of  Harris 
Pond  Dam,  would  also  probably  be  overtopped.  Beyond  Supply  Pond  Dam  the  failure 
discharge  would  pass  beneath  New  Hampshire  Route  3  before  entering  the  Merrimack 
River.  The  Route  3  culvert  appears  to  have  more  than  adequate  capacity  to  handle 
the  failure  discharge.  Consequently,  this  roadway,  as  well  as  any  other  structures 
below  Supply  Pond  Dam,  would  not  be  damaged. 

It  is  recommended  that  the  owner  engage  a  qualified  registered  professional  engineer 
to  design  or  specify  erosion  protection  for  the  crest  and  slopes  of  the  embankment, 
to  perform  a  detailed  hydrologic-hydraulic  investigation  to  assess  further  the 
potential  of  overtopping  the  dam  and  the  need  for  and  means  to  increase  project 
discharge  capacity,  and  to  assess  the  need  for  and  means  to  provide  a  low  level 
regulating  outlet  that  would  allow  drawdown  of  the  pond  below  elevation  169.30 
in  an  emergency.  It  is  also  recommended  that  the  owner  make  repairs  to  the 
penstock  gate  stems  and  maintain  the  gate  in  an  operable  condition. 

The  recommendations  and  remedial  measures  are  described  in  Section  7  and  should 
be  adressed  by  the  owner  within  one  year  after  receipt  of  this  Phase  I  Inspection 
Report. 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations.  Copies  of  these  guidelines 
may  be  obtained  from  the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314. 
The  purpose  of  a  Phase  I  investigation  is  to  identify  expeditiously  those  dams 
which  may  pose  hazards  to  human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation,  and  analyses  involving  topographic  mapping,  subsurface  investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I 
investigation;  however,  the  investigation  is  intended  to  identify  any  need  for  such 
studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition  of  the 
dam  is  based  on  observations  of  field  conditions  at  the  time  of  inspection  along 
with  data  available  to  the  inspection  team.  In  cases  where  the  reservoir  was 
lowered  or  drained  prior  to  inspection,  such  action,  while  improving  the  stability 
and  safety  of  the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected  under  the 
normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous  and 
constantly  changing  internal  and  external  conditions,  and  is  evolutionary  in  nature. 
It  would  be  incorrect  to  assume  that  the  present  condition  of  the  dam  will  continue 
to  represent  the  condition  of  the  dam  at  some  point  in  the  future.  Only  through 
continued  care  and  inspection  can  there  be  any  chance  that  unsafe  conditions  be 
detected. 


Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic  and  hydraulic 
analyses.  In  accordance  with  the  established  guidelines,  the  Spillway  Test  flood  is 
based  on  the  estimated  "Probable  Maximum  Flood"  for  the  region  (greatest  reason¬ 
ably  possible  storm  runoff),  or  fractions  thereof.  Because  of  the  magnitude  and 
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rarity  of  such  a  storm  event,  finding  that  a  spillway  will  not  pass  the  test  flood 
should  not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition.  The 
test  flood  provides  a  measure  of  relative  spillway  capacity  and  serves  as  an  aide 
in  determining  the  need  for  more  detailed  hydrologic  and  hydraulic  studies,  con¬ 
sidering  the  size  of  the  dam,  its  general  condition  and  the  downstream  damage 
potential. 

The  Phase  I  investigation  does  not  include  an  assessment  of  the  need  for  fences, 
gates,  no-trespassing  signs,  repairs  to  existing  fences  and  railings  and  other  items 
which  may  be  needed  to  minimize  trespassing  and  provide  greater  security  for  the 
facility  and  safety  to  the  public.  An  evaluation  of  the  project  for  compliance  with 
OSHA  rules  and  regulations  is  also  excluded. 


TABLE  OF  CONTENTS 


Section  Page 

Letter  of  Transmittal  i 

Brief  Assessment  ii 

Review  Board  Page  iv 

Preface  v 

Table  of  Contents  vii 

Overview  Photo  ix 

Location  Map  x 

1.  PROJECT  INFORMATION  1-1 

1.1  General  1-1 

1.2  Description  of  Project  1-1 

1.3  Pertinent  Data  1-3 

2.  ENGINEERING  DATA  2-1 

2.1  Design  2-1 

2.2  Construction  2-1 

2.3  Operation  2-1 

2.4  Evaluation  2-1 

3.  VISUAL  INSPECTION  3-1 

3.1  Findings  3-1 

3.2  Evaluation  3-3 

4.  OPERATIONAL  AND  MAINTENANCE  PROCEDURES  4-1 

4.1  Operational  Procedures  4-1 

4.2  Maintenance  Procedures  4-1 

4.3  Evaluation  4-1 

vii 


*  9 


1 

Section 

Page 

• 

5. 

EVALUATION  OF  HYDROLOGIC/HYDRAULIC  FEATURES 

5-1 

5.1 

General 

5-1 

5.2 

Design  Data 

5-1 

• 

5.3 

Experience  Data 

5-1 

5.4 

Test  Flood  Analysis 

5-1 

5.5 

Dam  Failure  Analysis 

5-2 

• 

6. 

EVALUATION  OF  STRUCTURAL  STABILITY 

6-1 

„• .  .* 1 

6.1 

Visual  Observation 

6-1 

. 

l 

6.2 

Design  and  Construction  Data 

6-1 

• . 

6.3 

Post-Construction  Changes 

6-1 

;  •;  .  * . 

*-  " 

6.4 

Seismic  Stability 

6-1 

; ' ;  ’ 

B 

7. 

ASSESSMENT,  RECOMMENDATIONS  AND  REMEDIAL  MEASURES 

7-1 

""" 

7.1 

Dam  Assessment 

7-1 

7.2 

Recom  mendations 

7-1 

•  •'  v; 

* 

7.3 

Remedial  Measures 

7-2 

!•  ““ 

7.4 

Alternatives 

7-2 

APPENDICES 

■V  V-  .■ 

APPENDIX 

A  -  INSPECTION  CHECKLIST 

A-l 

.  . 

’  • 

APPENDIX 

B  -  ENGINEERING  DATA 

B~1 

APPENDIX 

C  -  SELECTED  PHOTOGRAPHS 

C-l 

% 

APPENDIX 

D  -  HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 

D-l 

• 

» 

» 

• 

v  i  i  i 


OVERVIEW  PHOTO  -  BOWERS  DAM 


r  ■  .  V r 


/u  io 

•>kK  r  \  0  \\\  A  BOWERS  DAf 


fs  ' ,  4 


y  v\  (v  \\  (  <'<»kT' 

3  \  y,rO*  1  )  / 


/  v. 


'..•  I  o 
i  '>^\  1  / 


!  fi°V,  "  \  Harris  V. 

'•  )  1  I  \  MV' 

n  V  4, 

..  k  V  x  .*  f ' 


\  (V  i  ' 

\l  !)\»  Sur 

“■  '  \ii  P 


po,-rw'-N^ 

»  s  -’^55  Crotched  MtrS 
V  wl,  Rehabilitation 
.  Pou dr-4 j?  I>\  Center  ^  _ 


\  FranceitowfT 


srs: 


y'"\ 

rtg/;, 

tfo'nn 


'\GrBenfie!d 


7  New\ 
Mnu.1*  Boslor 

1  -  A 


Pinardville, 


fih\  Jo*  English  \f 

;)Tn . 


-sP<  @ 


+ 

\  Jnr  Fnjhsh 


Bedfort 


m  u 


\  South 

.n^rrv  I  ^yndeboroughvS  ^ 

adoir  rM  /v/t  t  f  *  a  ?  4  ti  rA **  (  VOob- 

)  >S5i  C  M,r 

p  .  _  Wilton  -- 

?'  *”•  V  ^T^CSfenler  /" 
^  r.mp/.  Had  iriTy^a/S.  2 

rsJ^WHt°n 

A/  w.^ 


iSwi 


Curt.„V  Y*  I  4I  ”  ” 

logwood  V^iMord  * 

\  Rps  raj'xVnb  Amharst> 

fe'-^sU1 


t^ernon 

J RofrorwJ 


Eost^N^iltord 


'Pratt  Prf,  jV. 

I  ,*•  t  \? 

{Greenville 


',  fW 


Uj  S f/tff  PARK  • 

Sr*<r 

JBrook  line-' 


"‘7  Birr»rt  ir,ni^r —  ,  i  i  \  Pd  \ ■■ 

•  ™  /x0ff  Mou*»  >*  /4x^Wighbfidge  )  r— V  /wm^A  1 

•  *  X  f  \  K\MTnS^~CiWl'  \  > 

iV^PA/i  TO  \J  — 1  ^IjBrcwkl.ney 

"**/ mil}  ^\k®5 

tr  r  _  __ Tifitw  HAMPSHIRE  i 

. i!  \  Ht™™/  *n 

\  Athby^V]  [  i 

w  lg!M  I  VJ/j  ltljowns0ndf 

^  v*nu«M.\  *  \  i® 

a  /  r./  1  "  )  V  m/ 


n.t  neronei 

I/^#i1e»tl  F 

Nas 


7!‘-y 

trooeutical  InAtitijt 
eiti  Fi»h  Hatchery 


ashua 


^wiA»hbur^b*m _ f—  r  ' 

»)  y 

\  s  t 

\  Fitchburg l/Vi  , 


LTownsand^ 


,7^«  x 

f  W  ai>  * 

4^'TO^cgL/J — 

.  1  LunenBurg 

I  To  l«ynin$fpr  | 


Dunstab 

L — ■ _ x 

(FapperBlI 


.Groton 


NATIONAL  DAM  INSPECTION 
PHASE  I  INSPECTION  REPORT 
BOWERS  DAM 


SECTION  1 

PROJECT  INFORMATION 


1.1  General 

a.  Authority.  Public  Law  92-367,  August  8,  1972,  authorized  the  Secretary 
of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a  National  Program  of 
Dam  Inspection  throughout  the  United  States.  The  New  England  Division  of  the 
Corps  of  Engineers  has  been  assigned  the  responsibility  of  supervising  the  inspection 
of  dams  within  the  New  England  Region.  SEA  Consultants  Inc.  has  been  retained 
by  the  New  England  Division  to  inspect  and  report  on  selected  dams  in  the  State 
of  New  Hampshire.  Authorization  and  notice  to  proceed  were  issued  to  S  E  A 
Consultants  Inc.  under  a  letter  of  November  5,  1979  from  William  Hodgson,  Jr., 
Colonel,  Corps  of  Engineers.  Contract  No.  DACW33-80-C-0008  has  been  assigned 
by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose 

(1)  To  perform  technical  inspection  and  evaluation  of  non-federal  dams 
to  identify  conditions  which  threaten  the  public  safety  and  thus  permit  correction 
in  a  timely  manner  by  non-federal  interests. 

(2)  To  encourage  and  prepare  the  states  to  initiate  quickly  effective 
dam  safety  programs  for  non-federal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inventory  of  Dams. 

1.2  Description  of  Project 

a.  Location.  Bowers  Dam  is  located  on  the  corporate  boundary  line  between 
Nashua  and  Merrimack,  New  Hampshire,  on  the  south  end  of  Bowers  Pond.  The 
dam  impounds  water  from  Bowers  Pond  and  the  spillway  discharges  to  Harris  Pond 
immediately  below  the  dam.  Bowers  Pond  and  Harris  Pond  are  two  of  a  series  of 
four  water  supply  ponds  located  on  the  Pennichuck  Brook  and  operated  by  the 
Pennichuck  Water  Works.  The  dam  is  shown  on  U.S.G.S.  Quadrangle,  Nashua  North, 
New  Hampshire,  with  coordinates  approximately  at  N42o48,00",  W71°29'39'', 
Hillsborough  County,  New  Hampshire. 

b.  Description  of  Dam  and  Appurtenances.  Bowers  Dam  is  an  earthen 
embankment  dam  about  420  feet  long  with  a  maximum  height  of  approximately 
25  feet.  The  dam  is  constructed  of  sand  and  gravel  with  an  upstream  slope  of 
approximately  1  foot  vertical  to  1.8  feet  horizontal  (1:1.8)  from  crest  of  dam  to 
pond  elevation.  The  downstream  slope  is  also  approximately  1  foot  vertical  to  1.8 
feet  horizontal  (1:1.8)  from  crest  of  dam  to  tailwater  elevation.  The  crest  width 
is  about  26  feet  at  the  narrowest  point. 


Located  near  the  right  abutment  is  the  principal  spillway  which  consists  of  a  56 
feet  long  wood  spillway  structure  approximately  25  feet  high  from  the  bottom  of 
the  downstream  channel  to  the  top  of  the  stoplog  bays  and  constructed  between 
mortared  cut  stone  training  walls.  Ten  (10)  stoplog  bays  and  a  4  feet  diameter 
riveted  steel  tube  gate  are  incorporated  into  this  structure.  The  stoplog  bays  have 
a  total  weir  length  of  42.6  feet 

Located  about  80  feet  to  the  left  of  the  spillway  structure  is  a  5.0  feet  diameter 
riveted  steel  plate  penstock  which  extends  about  58  feet  through  the  left  embank¬ 
ment  and  discharges  at  the  downstream  toe.  Penstock  discharge  is  controlled  by 
a  gate  on  the  upstream  end  of  the  penstock. 

c.  Size  Classification.  Intermediate  (Height  -  25  feet;  total  storage  -1120 
acre-feet)  based  on  storage  (greater  than  or  equal  to  1000  acre-feet  and  less  than 
50,000  acre-feet)  as  given  in  the  Recommended  Guidelines  for  Safety  Inspection 
of  Dams. 

d.  Hazard  Classification.  Significant  Hazard.  An  assumed  breach  with 
the  reservoir  surface  at  the  dam  crest  would  overtop  Manchester  Street  by  more 
than  3  feet  and  the  Harris  Pond  Dam  crest  by  nearly  1  foot.  This  could  compromise 
the  integrity  of  Harris  Pond  Dam  and  would  result  in  the  loss  of  a  significant 
portion  of  the  water  supply  for  the  city  of  Nashua.  Supply  Pond  Dam,  which  is 
located  downstream  from  Harris  Pond  Dam,  would  also  probably  be  overtopped. 
However,  no  structures  below  Supply  Pond  Dam  would  be  impacted. 

e.  Ownership.  The  dam  was  constructed  in  1 884  and  has  been  continually 
owned  by  the  Pennichuck  Water  Works,  11  High  Street,  Nashua,  New  Hampshire 
03060.  Telephone  No.  (603)  882-5191. 

f.  Operator.  The  dam  is  maintained  and  operated  by  Augustus  Grakas, 
Chief  Engineer,  Pennichuck  Water  Works,  11  High  Street,  Nashua,  New  Hampshire 
03060.  Telephone  No.  (603)  882-5191. 

g.  Purpose  of  Dam.  The  dam  was  constructed  to  create  Bowers  Pond  as 
a  water  supply  for  Pennichuck  Water  Works  and  to  regulate  the  level  of  Harris 
Pond  immediately  downstream. 

h.  Design  and  Construction  History.  The  early  structures  of  the  dam  are 
believed  to  have  been  constructed  in  1884.  An  early  sketch  of  the  dam  (date 
unknown)  on  file  at  the  Pennichuck  Water  Works  indicates  the  spillway  structure 
is  made  of  wood  and  built  on  an  earth  foundation.  In  1976,  the  upstream  and 
downstream  face  of  the  spillway  structure  was  dewatered  and  repairs  made  by 
Pennichuck  Water  Works  personnel.  No  in-depth  design  calculations  or  as-built 
drawings  were  disclosed  for  this  dam. 


i.  Normal  Operating  Procedure.  The  Bowers  Dam  is  used  primarily  for 
the  retention  of  Bowers  Pond  as  a  water  supply  and  to  regulate  the  level  of  Harris 
Pond  immediately  downstream.  The  normal  operating  procedure  for  this  dam  is  to 
monitor  the  water  level  of  Bowers  Pond  at  least  once  a  day  and  remove  and 
replace  stoplogs  as  required  to  maintain  the  desired  water  level  of  Harris  Pond. 
More  frequent  monitoring  of  water  levels  are  performed  during  heavy  rains. 

1.3  Pertinent  Data. 

a.  Drainage  Area.  The  drainage  area  above  the  Bowers  Dam  covers  nearly 
23  square  miles  (approximately  14,720  acres),  consisting  of  moderately  sloping 
terrain  surrounding  a  broad  swampy  area  located  upstream  from  Bowers  Pond.  The 
topography  in  the  drainage  basin  ranges  from  821  feet  (NGVD)  on  top  of  Birch 
Hill  to  approximately  156  feet  (NGVD)  at  the  base  of  the  dam.  The  majority  of 
the  basin  is  wooded  and  numerous  houses  are  located  along  the  roadways  which 
transect  the  drainage  area. 

b.  Discharge  at  Damsite.  Discharge  at  the  dam  site  occurs  through  the 
ten  (10)  stoplog  bays  which  are  constructed  across  the  56  feet  long  spillway.  The 
stoplog  bay  openings  provide  a  total  weir  length  of  42.6  feet.  The  crest  elevation 
of  the  stop  logs  varies  from  bay  to  bay.  Stoplogs  are  removed  and  replaced  as 
required  to  maintain  the  desired  water  level  in  Bowers  Pond,  which  normally 
corresponds  to  an  elevation  of  about  177.8  feet.  The  permanent  weir  crest  in  each 
stoplog  bay  is  set  at  an  elevation  of  172.32  feet.  Located  between  the  spillway 
training  walls  is  a  4.0  feet  diameter  steel  tube  gate.  This  tube  gate  originally 
provided  an  overflow  capabilty  and  a  low  level  outlet  which  would  discharge  through 
the  bottom  of  the  spillway  structure,  but  the  outlet  was  sealed  with  a  1/4-inch 
steel  plate  when  repairs  were  made  to  the  dam  in  March  of  1976  and,  consequently, 
the  gate  can  no  longer  be  used  to  withdraw  water  from  the  pond.  A  5.0  feet 
diameter  penstock  is  located  approximately  80  feet  to  the  left  of  the  spillway 
structure.  The  inlet  invert  of  the  penstock  gate  is  at  elevation  169.3  feet. 

(1)  The  capacity  of  the  penstock  was  estimated  to  be  725  cfs  with 
the  water  surface  at  the  crest  of  the  dam  (elevation  180.9  feet)  and  930  cfs  with 
the  water  surface  at  the  test  flood  elevation  (elevation  185.9  feet). 

(2)  Maximum  known  flood  at  damsite  -  unknown. 

(3)  The  ungated  spillway  capacity  with  the  water  surface  elevation 
at  the  top  of  the  dam  (elevation  180.9  feet)  was  estimated  to  be  950  cfs  with 
the  "typical"  arrangement  of  stop  logs  in  place  and  3,500  cfs  with  all  stoplogs 
removed. 


(4)  The  ungated  spillway  capacity  with  the  water  surface  elevation 
at  the  test  flood  elevation  (elevation  185.9  feet)  was  estimated  to  be  2,660  cfs 
with  the  "typical"  arrangement  of  stoplogs  in  place  and  6,000  cfs  with  all  stoplogs 
removed. 
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(5)  Gated  spillway  capacity  at  normal  pool  elevation  -  N/A 

(6)  Gated  spillway  capacity  at  test  flood  elevation  -  N/A 

(7)  The  total  capacity  of  the  spillway  ("typical"  arrangement  of 
stoplogs  in  place)  at  the  test  flood  elevation  (elevation  185.9  feet)  was  estimated 
to  be  2,660  cfs. 

(8)  The  total  project  discharge  at  the  top  of  the  dam  (elevation  180.9 

feet)  was  estimated  to  be  950  cfs  with  the  "typical"  arrangement  of  stoplogs  and 

3,500  cfs  with  all  stoplogs  removed.  (Penstock  gate  closed) 

(9)  The  total  project  discharge  at  the  test  flood  elevation  (elevation 
185.9  feet)  was  estimated  to  be  10,200.  (Penstock  gate  closed) 

c.  Elevation  (feet,  NGVD)  based  on  datum  obtained  from  Pennichuck  Water 
Works. 

(1)  Streambed  at  toe  of  dam  -  156.5 

(2)  Bottom  of  cutoff  -  unknown 

(3)  Normal  tailwater  -  168.3 

(4)  Normal  pool  -  177.8 

(5)  Full  flood  control  pool  -  N/A 

(6)  Spillway  crest  -  181.84  (all  stoplogs  in  place) 

-  177.2  (average  elevation  of  "typical” 

stoplog  arrangement) 

-  172.32  (permanent  weir  crest) 

(7)  Design  surcharge  (Original  Design)  -  unknown 

(8)  Top  of  dam  -  180.9 

(9)  Test  flood  surcharge  -  185.9 

d.  Reservoir  (Length  in  feet) 

(1)  Normal  pool  -  8,800 

(2)  Flood  control  pool  -  N/A 

(3)  Spillway  crest  pool  -  8,700  (permanent  crest) 

(4)  Top  of  dam  -  8,800 

(5)  Test  flood  pool  -  8,800 
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Storage  (acre-feet) 

(1)  Normal  pool  -  761 

(2)  Flood  control  pool  -  N/A 

(3)  Spillway  crest  pool  -  377  (permanent  crest) 

(4)  Top  of  dam  -  1,120 

(5)  Test  flood  pool  -  2,090 
Reservoir  Surface  (acres) 

(1)  Normal  pool  -  87.3 

(2)  Flood  control  pool  -  N/A 

(3)  Spillway  crest  -  51.8  (permanent  crest) 

(4)  Test  flood  pool  -  242 

(5)  Top  of  dam  -  147 
Dam 

(1)  Type  -  earthen  embankment 

(2)  Length  -  420  feet  overall 

(3)  Height  -  25  feet  maximum  (at  spillway  structure) 

(4)  Top  Width  -  26  feet  minimum  (at  earthen  embankment) 

(5)  Side  Slopes  -  Upstream  and  downstream  IV  to  1.8H 

(6)  Zoning  -  unknown 

(7)  Impervious  Core  -  unknown 

(8)  Cutoff  -  unknown 

(9)  Grout  Curtain  -  none 

(10)  Other  -  none 


Diversion  and  Regulating  Tunnel 
Not  applicable  (See  Section  j) 


1. 


Spillway 


(1)  Type  -  wooden  "buttress"  structure  between  mortared  stone  block 
training  walls 

(2)  Length  of  weir  -  10  stoplog  bays  with  an  equivalent  length  of 

42.6  feet 

(3)  Crest  elevation  -  181.84  (with  all  stoplogs  in  place) 

-  177.2  (average  elevation  of  "typical" 

stoplog  arrangement) 

-  172.32  (permanent  weir  crest) 

(4)  Gates  -  4.0  feet  diameter  vertical  steel  tube  gate  originally  out- 

letting  through  the  bottom  of  the  spillway;  the  outlet  has 
been  sealed  with  a  1/4-inch  thick  steel  plate,  so  the  gate 
can  no  longer  be  used  to  withdraw  water  from  the  pond. 

(5)  U/S  Channel  -  The  banks  of  the  approach  channel  are  tree  lined. 
Some  small  trees  are  located  along  the  water's  edge  just  upstream  from  the  right 
training  wall  of  the  spillway  and  overhang  the  channel.  For  the  most  part,  the 
banks  of  the  pond  appear  to  be  stable,  although  some  trees  adjacent  to  the  edge 
of  the  pond  have  died  and  have  fallen  into  the  pond. 

(6)  D/S  Channel  -  The  spillway  discharges  into  Harris  Pond  which 
forms  the  downstream  channel.  The  main  channel  immediately  downstream  of  the 
spillway  is  generally  wide  and  unobstructed.  Some  trees  overhang  the  right  side 
of  this  channel.  Located  downstream  of  the  spillway  is  a  sand  and  gravel  dike 
which  was  about  2  feet  higher  than  the  tailwater  elevation  at  the  time  of  the 
inspection  and  which  extends  from  the  left  bank  of  the  channel  about  300  feet 
toward  the  right  bank  of  the  channel.  The  width  of  the  constricted  channel  between 
the  end  of  the  dike  and  the  right  bank  is  about  20  feet.  This  dike  is  the  remnant 
of  a  cofferdam  that  was  constructed  for  the  purpose  of  dewatering  the  downstream 
side  of  the  spillway  when  it  was  reconstructed  in  1976. 

j.  Regulating  Outlets 

(1)  Invert  -  Penstock  -  169.30 

(2)  Size  -  Penstock  -  5.0  feet  diameter 

(3)  Description  -  Penstock  -  58  feet  long  riveted  steel  plate  tube 

extending  through  the  earth  embankment  to  the  left 
of  the  spillway 

(4)  Control  Mechanism  -  Penstock  -  discharge  through  the  penstock 

is  controlled  by  a  gate  on  the  upstream  end; 
the  gate  is  normally  operated  by  a  manual 
crank  type  operator;  however,  the  gate 
stems  are  currently  damaged  and  a  backhoe 
must  be  used  to  open  the  gate. 


(5)  Other  -  None 


SECTION  2 
ENGINEERING  DATA 


2.1  Design 

No  design  data  were  disclosed  for  Bowers  Dam. 

2.2  Construction 

Records  from  the  State  of  New  Hampshire  Water  Resources  Board  indicate 
the  dam  was  built  in  1884.  Records  from  Pennichuck  Water  Works  indicate  major 
repairs  were  made  to  the  dam  in  1976.  A  sketch  from  the  Pennichuck  Water  Works 
(date  unknown)  shows  detail  of  the  spillway  structure  and  indicates  it  is  built  on 
an  earth  foundation. 

2.3  Operational 

No  engineering  operational  data  were  found. 

2.4  Evaluation 


a.  Availability.  No  engineering  data  were  available  for  Bower  Dam,  other 
than  a  sketch  of  the  spillway  structure  (date  unknown). 

b.  Adequacy.  The  final  assessments  and  recommendations  of  this  investi¬ 
gation  are  based  on  the  visual  inspection  and  the  hydrologic  and  hydraulic  calcu¬ 
lations. 


c.  Validity.  The  field  investigation  indicated  that  the  external  features 
of  Bowers  Dam  substantially  agree  with  those  shown  on  the  sketch  on  file  at  the 
Pennichuck  Water  Works. 
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SECTION  3 
VISUAL  INSPECTION 


3.1  Findings 

a.  General.  Bowers  Dam  impounds  a  pond  area  of  moderate  size.  The 
drainage  area  above  the  dam  consists  of  moderately  sloping  terrain  surrounding  a 
broad  swampy  area  located  upstream  from  Bowers  Pond.  The  majority  of  the  basin 
is  wooded  and  numerous  houses  are  located  along  the  roadways  which  transect  the 
drainage  area. 

The  field  inspection  of  Bowers  Dam  was  made  on  March  25,  1980.  The  inspection 
team  consisted  of  personnel  from  SEA  Consultants  Inc.  and  Geotechnical  Engineers, 
Inc.  Inspection  checklists  completed  during  the  visual  inspection  are  included  in 
Appendix  A.  At  the  time  of  inspection,  water  was  passing  approximately  21  inches 
deep  over  the  lowest  of  the  ten  stoplog  bays  provided.  The  pool  elevation  was  at 
approximately  178.1  NGVD.  The  upstream  face  of  the  dam  could  only  be  inspected 
above  this  water  level.  Inspection  of  the  downstream  face  of  the  spillway  structure 
was  not  possible  due  to  the  discharge  of  water. 

b.  Dam.  Bowers  Dam  is  an  earthen  embankment  dam  about  420  feet  long 
with  a  maximum  height  of  approximately  25  feet.  The  crest  width  is  about  26 
feet  at  the  narrowest  point.  There  is  practically  no  vegetation  on  the  dam,  except 
for  several  large  pine  trees  growing  on  the  upstream  and  downstream  slopes  of 
the  embankment  section  between  the  left  abutment  and  the  spillway.  There  are 
also  a  few  stumps  on  the  upstream  and  downstream  slopes  of  the  embankment 
section  between  the  left  abutment  and  the  spillway.  Some  small  trees  are  growing 
on  the  right  abutment  at  and  below  the  elevation  of  the  crest  of  the  dam.  The 
soil  exposed  on  the  crest  and  slopes  of  the  embankment  sections  of  the  dam  is 
primarily  clean  sand  and  gravel. 

The  upstream  slope  of  the  embankment  is  inclined  at  about  1  foot  vertical  to  1.8 
feet  horizontal  (1:1.8).  Some  erosion  is  taking  place  at  the  waterline.  It  appears 
that  some  sand  and  gravel  have  been  dumped  on  the  upstream  side  of  the  dam, 
particularly  near  the  left  abutment.  There  is  no  erosion  protection  on  the  upstream 
slope. 

The  downstream  slope  of  the  embankment  is  also  inclined  at  about  1  foot  vertical 
to  1.8  feet  horizontal  (1:1.8).  There  is  evidence  of  trespassing  on  the  downstream 
slope  at  several  locations,  and  some  erosion  has  occurred  where  the  trespassing 
has  taken  place,  particularly  near  the  right  end  of  the  spillway  and  near  the  right 
side  of  the  penstock  outlet. 

At  the  downstream  toe  of  the  embankment  between  the  spillway  and  the  right 
abutment,  some  erosion  has  occurred,  apparently  the  result  of  eddying  tailwater 


between  the  spillway  and  the  right  bank  of  the  discharge  channel.  According  to 
a  representative  of  the  Pennichuck  Water  Works  who  was  present  during  a  portion 
of  the  inspection,  this  condition  has  existed  and  has  not  changed  significantly 
during  the  past  several  years.  Both  abutments  of  the  dam  appear  to  consist  of 
soil. 

No  evidence  of  seepage  on  the  downstream  slope  or  at  the  downstream  toe  of  the 
dam  was  observed. 

c.  Appurtenant  Structures.  The  principal  spillway  is  located  near  the  right 
abutment  and  consists  of  a  wooden  buttress  structure  approximately  56  feet  wide 
between  mortared  cut  stone  training  walls.  The  buttress  structure  consists  of  wood 
beams  and  braces  with  2-inch  thick  wood  planking  across  the  upstream  face  and 
acts  as  the  permanent  crest.  Ten  stoplog  bays  with  an  average  width  of  4.3  feet 
are  provided  on  top  of  the  permanent  crest  which  can  accommodate  removable 
stoplogs  to  raise  the  ponding  elevation  approximately  9.5  feet.  The  total  height 
of  the  spillway  structure  is  approximately  25  feet  from  the  bottom  of  the 
downstream  channel  to  the  top  of  the  stoplog  bays.  At  the  left  end  of  the  spillway 
is  a  gate  house  which  contains  the  lifting  mechanism  for  a  4  feet  diameter  riveted 
steel  plate  tube  gate.  The  original  purpose  of  this  tube  gate  was  to  provide  an 
overflow  capability  through  the  top  of  the  tube  which  would  discharge  through  the 
bottom  of  the  spillway  structure.  A  low  level  outlet  was  provided  by  raising  the 
tube  and  allowing  discharge  directly  through  the  bottom  of  the  spillway  structure. 
According  to  a  representative  of  the  Pennichuck  Water  Works,  the  tube  gate  has 
been  made  inoperable  by  sealing  the  opening  through  the  bottom  of  the  spillway 
with  a  1/4-inch  thick  steel  plate  when  repairs  were  made  to  the  dam  in  March 
of  1976.  The  entire  spillway  structure  appears  to  be  in  very  good  condition. 

Located  about  80  feet  to  the  left  of  the  spillway  structure  is  5.0  feet  diameter 
riveted  steel  plate  penstock.  The  original  purpose  of  the  penstock  was  to  provide 
power  to  a  small  saw  mill.  The  saw  mill  at  the  penstock  outlet  was  dismantled 
in  the  early  1970's.  The  penstock  has  a  concrete  intake  structure  with  a  manual 
crank  operated  gate  lifting  mechanism.  According  to  a  representative  of  the 
Pennichuck  Water  Works,  the  gate  and  lifting  mechanism  are  still  in  working  order 
although  the  gate  stems  were  severely  damaged  when  the  penstock  was  used  to 
dewater  Bowers  Pond  for  repairs  to  the  spillway  structure  in  1976.  Due  to  the 
damaged  gate  stems,  it  is  necessary  to  use  a  backhoe  to  open  the  penstock  gate. 
At  the  time  of  the  inspection,  there  was  minor  seepage  through  the  gate.  A  narrow 
discharge  channel,  about  5  feet  wide,  is  provided  downstream  of  the  penstock 
outlet  between  the  left  bank  of  the  main  downstream  channel  and  the  higher 
ground  at  the  left  abutment. 

d.  Reservoir  Area.  The  slopes  of  the  pond  appear  to  be  stable.  No  evidence 
of  significant  sedimentation  was  observed.  Some  trees  are  growing  on  the  right 
side  of  the  pond  close  to  the  dam,  but  the  approach  channel  is  wide  and  unobstructed. 

e.  Downstream  Channel.  The  main  channel  immediately  downstream  of 
the  spillway  is  generally  wide  and  unobstructed.  Some  trees  overhang  the  right 
side  of  this  channel.  Located  downstream  of  the  spillway  is  a  sand  and  gravel  dike 
which  was  about  2  feet  higher  than  the  tailwater  elevation  at  the  time  of  the 
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inspection  and  which  extends  from  the  left  bank  of  the  channel  about  300  feet 
toward  the  right  bank  of  the  channel.  The  width  of  the  constricted  channel  between 
the  end  of  the  dike  and  the  right  bank  is  about  20  feet.  This  dike  is  the  remnant 
of  a  cofferdam  that  was  constructed  for  the  purpose  of  dewatering  the  downstream 
side  of  the  spillway  when  it  was  reconstructed  in  1976. 

3.2  Evaluation 


On  the  basis  of  the  results  of  the  visual  inspection,  Bowers  Dam  is  considered 
to  be  in  fair  condition. 

Trespassing  and  erosion  of  the  embankment,  if  not  controlled,  could  lead  to 
breaching  of  the  dam. 

The  lack  of  erosion  protection  on  the  embankment  makes  it  susceptible  to  erosion 
by  rainfall  or,  if  the  dam  should  be  overtopped,  by  overflowing  water. 

Trees  growing  on  the  embankment  could  lead  to  seepage  or  erosion  problems  if  a 
tree  blows  over  and  pulls  out  its  roots,  or  if  a  tree  dies  and  its  roots  rot.  Rotting 
of  roots  connected  to  the  stumps  on  the  embankment  could  also  lead  to  seepage 
or  erosion  problems. 

The  severe  damage  to  the  penstock  gate  stems  could  cause  the  gate  to  become 
inoperable  when  an  attempt  is  made  to  open  the  penstock.  The  minor  visible 
seepage  through  the  gate  could  be  a  further  indication  of  a  problem  with  the  gate 
mechanism;  in  other  words,  gate  not  properly  seated. 
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SECTION  4 

OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4.1  Operational  Procedures 

a.  General.  Bowers  Dam  is  used  primarily  for  the  retention  of  Bowers 
Pond  as  a  water  supply  and  to  regulate  the  level  of  Harris  Pond  immediately 
downstream.  The  normal  operating  procedure  for  this  dam  is  to  monitor  the  water 
level  of  Bowers  Pond  at  least  once  a  day  and  remove  and  replace  stoplogs  as 
required  to  maintain  the  desired  water  level  of  Harris  Pond.  The  stoplogs  are 
removed  with  two  long  lifting  hooks.  The  procedure  can  be  accomplished  by  a 
single  individual,  although  the  lifting  hooks  become  a  bit  awkward  to  handle  and 
it  is  easier  to  use  two  people  to  complete  the  task.  Also,  it  appears  that  the 
stoplogs  would  be  difficult  to  pull  out  during  high  discharge  conditions  over  the 
spillway. 

No  written  instructions  on  opening  the  penstock  gate  or  for  removal  of  Dashboards 
during  a  flood  exist,  although  more  frequent  monitoring  of  pond  water  levels  are 
performed  during  heavy  rains. 

b.  Description  of  Any  Warning  System  in  Effect.  No  written  warning 
system  exists  for  the  dam. 

4.2  Maintenance  Procedures 


a.  General.  The  owner,  Pennichuck  Water  Works,  is  responsible  for  the 
maintenance  of  the  dam.  The  maintenance  procedure  for  this  dam  is  to  make  a 
brief  visual  inspection  whenever  the  Bowers  Pond  water  level  is  monitored. 

b.  Operating  Facilities.  No  formal  plan  for  maintenance  of  operating 
facilities  was  disclosed. 

4.3  Evaluation 


The  current  maintenance  procedures  for  Bowers  Pond  Dam  are  inadequate 
to  ensure  that  all  problems  encountered  can  be  remedied  within  a  reasonable  period 
of  time.  The  owner  should  establish  a  written  operation  and  maintenance  procedure, 
as  well  as  establish  a  warning  system  to  follow  in  event  of  flood  flow  conditions 
or  imminent  dam  failure. 
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SECTION  5 

EVALUATION  OF  HYDROLOGIC/HYDRAULIC  FEATURES 


5.1  General.  Bowers  Dam  is  an  earthen  embankment  dam  approximately  420 
feet  long.  Located  near  the  right  abutment  is  a  56  feet  long  spillway  structure 
which  is  approximately  25  feet  high  from  the  top  of  the  dam  to  the  channel 
bottom.  Flow  discharges  through  10  stoplog  bays  located  between  the  spillway 
training  walls.  The  bays  have  a  total  weir  length  of  42.6  feet.  Also  located  between 
the  spillway  training  walls  is  a  4.0  feet  diameter  steel  tube  gate.  The  outlet  of 
the  gate  was  sealed  when  repairs  were  made  to  the  dam  in  1976.  Consequently, 
the  gate  can  no  longer  withdraw  water  from  the  pond.  A  5.0  feet  diameter  penstock 
is  located  approximately  80  feet  to  the  left  of  the  spillway  structure. 

The  drainage  area  above  the  dam  consists  of  moderately  sloping  terrain  surrounding 
a  broad  swampy  area  located  upstream  from  Bowers  Pond.  Runoff  from  much  of 
the  drainage  basin  must  pass  through  this  swampy  area  before  reaching  Bowers 
Pond  Dam.  The  dam  is  classified  as  intermediate  in  size,  having  a  maximum  storage 
of  approximately  1,120  acre-feet. 

5.2  Design  Data.  No  hydrological  or  hydraulic  design  data  were  disclosed. 

5.3  Experience  Data.  No  experience  data  were  disclosed.  Maximum  flood  flows 
or  elevations  are  unknown. 

5.4  Test  Flood  Analysis.  Due  to  the  absence  of  detailed  design  and  operational 
information,  the  hydrologic  evalution  was  performed  utilizing  data  gathered  during 
field  inspection,  watershed  size  and  an  estimated  test  flood  determined  from  the 
Corps  of  Engineers  guide  curves.  For  this  dam  (intermediate  size  and  significant 
hazard)  the  test  flood  ranges  from  one-half  the  Probable  Maximum  Flood  (1/2 
PMF)  to  the  full  Probable  Maximum  Flood  (PMF).  Since  the  dam  falls  on  the  low 
end  of  the  intermediate  size  range,  the  1/2  PMF  was  selected  for  this  hydrologic 
analysis.  Since  the  drainage  area  consists  of  a  combination  of  moderately  sloped 
and  flat  terrain  and  since  there  is  a  considerable  amount  of  storage  available  in 
the  swampy  area  upstream  from  Bowers  Pond,  a  point  mid-way  between  the  "rolling" 
curve  and  "flat"  curve,  from  the  Corps  of  Engineers  set  of  guide  curves,  was  used 
to  estimate  the  maximum  probable  flood  peak  flow  rate.  It  was  assumed  that  the 
5.0  feet  diameter  penstock  remained  closed  for  this  analysis,  since  it  is  very 
difficult  to  open.  Also,  it  was  assumed  that  the  "typical"  stoplog  arrangement 
remained  in  place  during  the  test  flood  routing,  since  it  appears  that  it  would  be 
difficult  to  remove  the  stoplogs  quickly  under  high  spillway  discharge  conditions. 
However,  discussion  concerning  an  alternative  stoplog  arrangement  is  included  in 
this  section. 

Based  on  an  estimated  maximum  probable  flood  peak  flow  rate  of  1,000  cfs  per 
square  mile  and  a  drainage  area  of  23  square  miles,  the  test  flood  inflow  was 
estimated  to  be  11,500  cfs.  The  test  flood  was  routed  through  the  reservoir  in 
accordance  with  the  Corps  of  Engineers  procedure  for  Estimating  Effect  of 
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Surcharge  Storage  on  Maximum  Probable  Discharge.  The  reservoir  water  surface 
was  assumed  to  be  at  elevation  177.2  prior  to  the  flood  routing.  The  routed  test 
flood  outflow  was  estimated  to  be  10,200  cfs.  This  analysis  indicated  that  the  dam 
crest  would  be  overtopped  by  5.0  feet.  The  maximum  spillway  capacity  (with  the 
"typical"  arrangement  of  stoplogs  in  place)  with  the  water  level  at  the  dam  crest 
was  estimated  to  be  950  cfs,  which  is  only  about  9  percent  of  the  routed  test 
flood  outflow. 

Since  the  discharge  through  the  spillway  would  increase  significantly  if  all  the 
stoplogs  were  removed,  a  test  flood  routing  with  all  stoplogs  removed  and  an 
initial  water  surface  elevation  at  the  permanent  spillway  crest  (Elevation  172.32 
feet)  was  examined.  This  analysis  indicated  that  the  routed  test  flood  outflow 
would  be  virtually  the  same  as  that  for  the  previous  analysis,  10,300  cfs,  and 
would  overtop  the  dam  by  4.5  feet  instead  of  5.0  feet.  However,  under  these 
conditions,  the  spillway  capacity  would  be  about  34  percent  of  the  routed  test 
flood  outflow. 

5.5  Dam  Failure  Analysis.  The  impact  of  dam  failure  with  the  reservoir  surface 
at  the  dam  crest  was  assessed  utilizing  the  "Rule  of  Thumb"  Guidance  for  Estimating 
Dowstream  Dam  Failure  Hydrographs  published  by  the  Corps  of  Engineers.  The 
analysis  covered  a  reach  extending  approximately  1.2  miles  downstream  to  Harris 
Pond  Dam.  Based  on  this  analysis,  Bowers  Dam  has  been  classified  as  a  significant 
hazard. 

An  assumed  breach  in  Bowers  Pond  Dam  would  increase  the  stage  in  the  portion 
of  Harris  Pond  between  Bowers  Dam  and  Manchester  Street  by  between  7  and  8 
feet.  This  discharge  would  overtop  Manchester  Street  by  more  than  3  feet.  In  the 
portion  of  Harris  Pond  between  Manchester  Street  and  Harris  Pond  Dam  the  stage 
would  increase  approximately  6  feet,  overtopping  Harris  Pond  Dam  by  nearly  1 
foot.  The  discharge  over  the  dam  crest  could  compromise  the  integrity  of  this 
dam.  Failure  of  Bowers  Pond  Dam  would  result  in  the  loss  of  a  significant  portion 
of  the  water  supply  for  the  city  of  Nashua.  The  Supply  Pond  Dam,  which  is  located 
downstream  of  Harris  Pond  Dam,  would  also  probably  be  overtopped.  Beyond  Supply 
Pond  Dam,  the  failure  discharge  would  pass  beneath  New  Hampshire  Route  3  before 
entering  the  Merrimack  River.  The  Route  3  culvert  appears  to  have  more  than 
adequate  capacity  to  handle  the  failure  discharge.  Consequently,  this  roadway,  as 
well  as  any  other  structures  below  Supply  Pond  Dam,  would  not  be  damaged. 
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SECTION  6 

EVALUATION  OF  STRUCTURAL  STABILITY 


6.1  Visual  Observations.  The  visual  examination  indicates  the  following  potential 
structural  problems: 

a.  Lack  of  vegetation  or  other  erosion  protection  on  the  crest  and  slopes 
of  the  embankment  makes  those  areas  susceptible  to  erosion  by  rainfall  or,  in 
case  of  overtopping,  by  overflowing  water. 

b.  Erosion  of  both  the  upstream  and  downstream  slopes  of  the  embankment, 
if  not  controlled,  could  lead  to  breaching  of  the  dam. 

c.  Trees  growing  on  the  upstream  and  downstream  slope  of  the  embankment 
could  lead  to  seepage  or  erosion  problems  if  a  tree  blows  over  and  pulls  out  its 
roots,  or  if  a  tree  dies  and  its  roots  rot. 

d.  Damage  to  the  penstock  gate  stems  which  could  cause  the  gate  to 
become  inoperable  when  an  attempt  is  made  to  open  the  penstock,  and  the  visible 
seepage  through  the  gate. 

6.2  Design  and  Construction  Data 

No  information  regarding  the  original  design  or  construction  of  the  dam  was 
found,  although  it  is  believed  the  early  structures  of  the  dam  were  built  in  1884. 
An  early  sketch  of  the  dam  (date  unknown)  on  file  at  the  Pennichuck  Water  Works 
shows  detail  of  the  spillway  structure  and  indicates  it  is  built  on  an  earth  foundation. 

6.3  Post-Construction  Changes 

In  1976,  the  upstream  and  downstream  face  of  the  spillway  structure  was 

dewatered  and  repairs  made  by  Pennichuck  Water  Works  personnel.  These  repairs 

consisted  of  applying  two  layers  of  1-1/2  inch  thick  treated  wood  planking  and 
felt  paper  to  the  upstream  surfaces  of  the  spillway.  Aluminum  flashing  was  applied 
at  and  above  pond  level  on  the  upstream  face.  The  4.0  feet  diameter  tube  gate 
outlet  through  the  bottom  of  the  spillway  structure  was  sealed  with  a  1/4-inch 
steel  plate. 

6.4  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  2,  and,  in  accordance 

with  the  Phase  I  guidelines,  does  not  warrant  seismic  analysis. 


SECTION  7 

ASSESSMENT,  RECOMMENDATIONS,  AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition.  The  visual  examination  indicates  that  Bowers  Dam  is  in  fair 
condition.  The  major  concerns  with  respect  to  the  integrity  of  the  dam  are: 

(1)  Trespassing  and  erosion  on  the  embankment 

(2)  Lack  of  erosion  protection  on  the  embankment 

(3)  Trees  growing  on  the  embankment 

(4)  Damage  to  the  penstock  gate  stems  and  seepage  through  the  gate 

(5)  Lack  of  a  low  level  regulating  outlet  that  would  allow  drawdown 
of  the  pond  below  elevation  169.30  in  an  emergency 

b.  Adequacy  of  Information.  The  information  available  from  the  visual 
inspection  and  hydraulic  computations  is  adequate  to  identify  the  problems 
mentioned  in  7.2.  These  problems  will  require  the  attention  of  a  registered 
professional  engineer  qualified  in  the  design  and  construction  of  dams,  who  will 
have  to  make  additional  engineering  studies  to  design  or  specify  remedial  measures. 
No  additional  information  is  needed  for  the  purposes  of  this  Phase  I  investigation. 

c.  Urgency.  The  owner  should  implement  the  recommendations  in  7.2  and 
7.3  within  one  year  after  receipt  of  this  Phase  I  report. 

7.2  Recom  mendations 

The  owner  should  retain  a  registered  professional  engineer  qualified  in  the 
design  and  construction  of  dams  to: 

(1)  Design  and  specify  repairs  for  the  erosion  that  has  occurred  on 
the  embankment  section  of  the  dam 

(2)  Design  and  specify  erosion  protection  for  the  embankment 

(3)  Specify  procedures  for  removal  of  trees  and  their  root  systems 
from  the  embalmment  and  right  abutment 

(4)  Investigate  the  seepage  through  the  penstock  gate 


(5)  Inspect  the  downstream  face  of  the  spillway  under  no  flow  con¬ 
ditions. 


(6)  Assess  the  need  for  and  means  to  provide  a  low  level  regulating 
outlet  that  would  allow  drawdown  of  the  pond  below  elevation 
169.30  in  an  emergency 

(7)  Perform  a  detailed  hydrologic-hydraulic  investigation  to  assess 
further  the  potential  for  overtopping  the  dam  and  the  need  for 
and  means  to  increase  project  discharge  capacity 

The  owner  should  implement  the  recommendations  made  by  the  engineer. 

7.3  Remedial  Measures 


a.  Operating  and  Maintenance  Procedures.  The  owner  should: 

(1)  Control  trespassing  on  the  embankment 

(2)  Make  repairs  to  the  penstock  gate  stems  and  maintain  the  gate 
in  an  operable  condition 

(3)  Prepare  spalled  concrete  on  penstock  headwalls 

(4)  Establish  written  maintenance  and  operating  procedures,  especially 
for  removal  of  flashboards  and  opening  of  penstock  gate  during 
flood  periods 

(5)  Engage  a  registered  professional  engineer  qualified  in  the  design 
and  construction  of  dams  to  make  a  comprehensive  technical 
inspection  of  the  dam  once  every  year 

(6)  Establish  a  surveillance  program  for  use  during  and  immediately 
after  periods  of  heavy  rainfall  and  also  a  warning  program  to 
follow  in  case  of  emergency  conditions 

7.4  Alternatives 


There  are  no  practical  alternatives  to  the  recommendations  of  7.2  and  7.3. 
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APPENDIX  A 
INSPECTION  CHECKLIST 


INSPECTION  CHECK  LIST 
PARTY  ORGANIZATION 


PROJECT:  Rnm  p  r ^  Dam.  NH _  DATE:  March  25,  19  8  0 _ 

TIME:  8:30  a.m. _ 

WEATHER:_  Overcast,  cold 

W.S.  ELEV.  178.1  U.S.  168.3  DN.S. 

(NGVD) 

PARTY: 

1.  Kenneth  Stewart,  SEA _  6.  Kenneth  Stern,  NHVJRB _ 

2.  Robert  Durfee,  SEA _  7.  _ 

3.  Bruce  Pierstorff,  SEA _  8.  _ 

4.  Philip  Ricardi,  SEA _  9.  _ 

5.  Ronald  Hirschfeld,  GEI  10. 


1. 

2. 

3. 

4. 

5. 


6. 


7. 


8. 


9. 


10. 


PROJECT  FEATURE 

Structural  Stability 

INSPECTED  BY  REMARKS 

K.  Stevart/R.  Durfee 

Hydrology /Hydraulics 

'B.  Pierstorff/P .  Ricardi. 

* 

Soils  and  Geoloqv 

R.  Hirschfeld 

?'*■  A  -1 


INSPECTION 

CHECK  LIST 

PROJECT:  Bowers  Dam,  NH 

DATE:  March  25 >  1920 

PROJECT  FEATURE:  Dam  Embankment 

NAME: 

DISCIPLINE: 

NAME: 

AREA  EVALUATED 

CONDrriONS 

DAM  EMBANKMENT 

Crest  Elevation 

180.9 

Current  Pool  Elevation 

178.1 

Maximum  Impoundment  to  Date 

Unknown 

Surface  Cracks 

None  observed 

Pavement  Condition 

Not  paved 

Movement  or  Settlement  of  Crest 

None  observed 

Lateral  Movement 

None  observed 

Vertical  Alignment 

Somewhat  irregular,  but  apears  to  be 
irregular  dumping  of  fill  on  crest 

due  to 

Horizontal  Alignment 

Good 

Condition  At  Abutment  and  at 

Concrete  Structures 

Good 

Indications  of  Movement  of  Structural 

Items  on  Slopes 

None  observed 

Trespassing  on  Slopes 

Evidence  of  trespassing  on  downstream  slope 

Vegetation  on  Slopes 

Trees  growing  on  upstream  and  downstream 
slopes  of  both  left  and  right  embankments 

Sloughing  or  Erosion  of  Slopes  or  Abutments 

Erosion  on  upstream  and  downstream 
of  both  left  and  right  embankments 

slopes 

Rock  Slope  Protection  -  Riprap  Failures 

No  riprap 

Unusual  Movement  or  Cracking 
at  or  near  Toes 

None  observed 

Unusual  Embankment  or  Downstream  Seepage 

None  observed 

Piping  or  Boils 

None  observed 

Foundation  Drainage  Features 

None  observed 

Toe  Drains 

None  observed 

INSPECTION 

CHECK  LIST 

PROJECT:  Bowers  Dam,  NH 

DATE:  March  25,  19  80 

PROJECT  FEATURE:  Dike  Embankment 

NAME: 

DISCIPLINE: 

NAME: 

AREA  EVALUATED 

CONDITIONS 

DIKE  EMBANKMENT  ~] 

No  dike 

Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at 

Concrete  Structures 

Indications  of  Movement  of  Structural 

Items  on  Slopes 

Trespassing  on  Slopes 

Vegetation  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or  Abutments 

Rock  Slope  Protection  -  Riprap  Failures 

Unusual  Movement  or  Cracking 

at  or  near  Toes 

Unusual  Embankment  or  Downstream  Seepage 

Piping  or  Boils 

Foundation  Drainage  Features 

Toe  Drains 

Instrumentation  System 

INSPECTION  CHECK  LEST 


PROJECT:  Bowers  Dam,  NH _  DATE:  March  25,  198  0 

PROJECT  FEATURE:  intake  Channel _  NAME:  _ 

DISCIPLINE:  _  NAME: 


AREA  EVALUATED 


CONDITIONS 


Tube  Gate 


OUTLET  WORKS  -  INTAKE  CHANNEL  AND  4.0  foot  diameter 
INTAKE  STRUCTURE  vertical  tube  gate 

closed  and  sealed 


Penstock 


5.0  foot  diameter 
penstock,  gate  closed 


a.  Approach  Channel 

Slope  Conditions 
Bottom  Conditions 

Rock  Slides  or  Falls 

Log  Boom 

Debris 

Condition  of  Concrete  Lining 

Drains  or  Weep  Holes 

b.  Intake  Structure 

Condition  of  Concrete 

Stop  Logs  and  Slots 


Good 

Not  visible,  beneath 
pond  surface 

None 

None 

None  observed 
Not  applicable 

None 


Good 

Not  visible,  beneath 
pond  surface 

None 

None 

None  observed 

Not  visible,  beneath 
pond  surface 

None 


Not  applicable  Seme  spalling  above 

water  surface  eleva¬ 
tion 

None  None 


INSPECTION  CHECK  LIST 


PROJECT:  Bowers  Dam,  MH 


PROJECT  FEATURE: _  Control  Tow  er 

DISCIPLINE: 


DATE:  March  25,  1  £ 30 

NAME:  _ 

NAME: 


AREA  EVALUATED 


Tul  e  Gate 


CONDITIONS 


Penstock 


OUTLET  WORKS  -  CONTROL  TOWER 

Control  works  located 
inside  gate  house 

Control  vorks  located 
on  top  of  penstock 
intake  structure 

a.  Concrete  and  Structural 

General  Condition 

Tuts  gate  closed 
and  sealed 

Condition  of  Joints 

None 

Concrete  spalling  at 
joints 

Spalling 

Not  applicable 

Some  spalling  at 
joints 

Visi  lie  Reinforcing 

Not  applicable 

None 

Rusting  or  Staining  of  Concrete 

Not  applicable 

None 

Any  Seepage  or  Efflorescence 

Not  applicable 

None 

Joint  Alignnment 

Not  applica  lie 

Good 

Unusual  Seepage  or  Leaks  in  Gate 

Cham  her 

Gate  not  visi  ULe 
beneath  pond  surface 

Slight  leak  through 
penstock  gate 

Cracks 

Not  applica  ble 

Minor 

Rusting  or  corrosion  of  Steel 

Lifting  mechanism  in 
good  shape 

Lifting  mechanism 
gears  in  operable 
condition 

b.  Mechanical  and  Electrical 

Air  Vents 

None 

None 

Float  Wells 

Inopera  hie 

None 

Crane  Hoist 

None 

None 

Elevator 

None 

None 

Hydraulic  System 

None 

None 

Service  Gates 

Closed  and  sealed 

Gate  closed.  Gate 
stems  severely  dam¬ 
aged  above  lifting 
mechanism  gears 

Emergency  Gates 

See  service  gates 

See  service  gates 

Lightning  Protection  System 

None 

None 

Emergency  Po ver  System 

None 

None 

Wiring  and  Lighting  System 

None 

None 

INSPECTION  CHECK  LIST 


PROJECT:  Bo  vers  Dam,  NH _  DATE:  March  25,  15  80 

PROJECT  FEATURE:  Transition  and  Conduit  NAME:  _ 

DISCIPLINE:  _  NAME: 


AREA  EVALUATED 

Tube  Gate 

CONDITIONS 

Penstock 

OUTLET  WORKS  -  TRANSITION 

AND  CONDUIT 

No  transition  and  5.0  foot  diameter  I 

conduit 

riveted  steel  plate 
penstock  conduit 

General  Condition  of  Concrete 

Not  applicable 

Rust  or  Staining  on  Concrete 

None 

Spalling 

Not  applicable 

Erosion  or  Cavitation 

None 

Cracking 

Not  applicable 

Alignment  of  Monoliths 

Penstock  below  ground, 
not  visible 

Alignment  of  Joints 

Penstock  below  ground, 
not  visible 

Numbering  of  Monoliths 


Not  applicable 


INSPECTION  CHECK  LIST 


PROJECT:  Bowers  Dam,  NH  DATE*  ^arc^  25,  1 5  SO 

PROJECT  FEATURE:  Outlet  Structure _  NAME: 

DISCIPLINE:  _ _ _ NAME: 


AREA  EVALUATED  CONDITIONS 

_ ,  Tube  Gate _ Penstock 


OUTLET  WORKS  -  OUTLET  STRUCTURE 
AND  OUTLET  CHANNEL 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Erosion  or  Cavitation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  at  Joints 

Drain  holes 

Channel 

Loose  Rock  or  Trees  Overhanging 
Channel 


Original  outlet 
through  bottom  of 
wood  spillway  struc¬ 
ture.  Outlet  currently 
sealed. 

Original  outlet  into 
power  wheel.  Wheel 
removed,  penstock 
outlets  into  foundation 
of  old  saw  mill. 

Not  applicable 

No  outlet  structure 

Not  applicable 

No  outlet  structure 

Not  applicable 

No  outlet  structure 

Not  applica  He 

No  outlet  structure 

Not  applicable 

No  outlet  structure 

Not  applicable 

No  outlet  structure 

Not  applicable 

No  outlet  structure 

Not  applicable 

No  outlet  structure 

Not  applicable 

No  outlet  structure 

Several  large  trees 
overhanging  channel 

One  large  tree  over¬ 
hanging  channel 

Condition  of  Discharge  Channel 


Fair 


Fair 


INSPECTION  CHECK  LIST 


PROJECT:  Boyers  Dam,  NH  DATE:  March  25,  1S30 

PROJECT  FEATURE:  Spill vay  Weir _  NAME:  _ 

DISCIPLINE:  _  NAME:  _ 

AREA  EVALUATED  CONDITIONS 

OUTLET  WORKS  -  SPILLWAY  WEIRT 
APPROACH  AND  DISCHARGE  CHANNELS 


a.  Approach  Channel 

General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Approach  Channel 

b.  Weir  and  Training  Walls 

General  Condition  of  Concrete 

Rust  or  Staining 
Spalling 

Any  Visible  Reinforcing 
Any  Seepage  or  Efflorescence 
Drain  Holes 

c.  Discharge  Channel 

General  Condition 

Loose  Rock  Overhanging  Channel 

Trees  Overhanging  Channel 

Floor  of  Channel 

Other  Obstructions 


Good 

None 

A  few  trees  overhang  channel 
Not  visible  beneath  reservoir  surface 

Mortared  cut  stone  training  walls,  some 
stones  settled  out  of  place 

Not  applicable 

Not  applicable 

Not  applicable 

None 

None 

Good 

None 

Trees  overhang  channel 

Not  visible  beneath  tailwater 

Sand  and  gravel  dike  has  been  built  out  from 
left  bank  of  channel  about  7/8  of  distance 
across  channel. 


INSPECTION  CHECK  LIST 

PROJECT:  Rovers  Daro.  NH _  DATE:  March  25.  19  80 

PROJECT  FEATURE:  Service  Bridge _  NAME:  _ 

DISCIPLINE: _ NAME: 


AREA  EVALUATED  CONDITIONS 


OUTLET  WORKS  -  SERVICE  BRIDGE 

a.  Super  Structure 

Bearings 

Anchor  Bolts 
Bridge  Seat 
Longitudinal  Members 
Under  Side  of  Deck 
Secondary  Bracing 
Deck 

Drainage  System 
Railings 

Expansion  Joints 
Paint 

b.  Abutment  <5c  Piers 

General  Condition  of  Concrete 

Alignment  of  Abutment 
Approach  to  Bridge 
Condition  of  Seat  <5c  Backwall 


Service  bridge  (wood  planked  vehicle  crossing) 
located  over  wood  spillway  structure 

Longitudinal  members  supported  over  spillway 
structure 

No  anchor  bolts 

See  bearing 

Six  treated  wood  beams  6"  wide  x  12"  deep 

Not  visible 

None 

7"  wide  x  2"  deep  treated  wood  planking 

None 

None 

None 

No  paint  -  all  wood  is  treated 

Cut  stone  block  masonry,  settlement  of  a  few 
stones 

Good 

Good 


Not  visible 


f  V 


AVAILABLE  ENGINEERING  DATA 


No  engineering  data  other  than  reports  and  sketches  from  the 
ennichuck  Water  Works  and  the  State  of  New  Hampshire  Water 
esources  Board  were  available.  It  should  be  noted  that  at 
the  time  of  the  writing  of  this  report,  the  file  on  Bowers 
Pond  Dam  at  the  State  of  New  Hampshire  Water  Resources  3oard 
was  missing. 


PAST  INSPECTION  REPORTS 


NEW  HAMPSHIRE  WATER  CONTROL  COMMISSION 
DATA  ON  DAMS  IN  NEW  HAMPSHIRE 


LG'SrVTION 

Town  .... 


STATE  NO.  .1.21+.Q.1 . 


.N. 3. S.b'wA . :  C o u n ty 


^  M  ^  '  '>7* 


Stream  . 


Basin-Primary  . . :  Secondary  . .v. _ ,i_. . w . r, .v. . . . ^. -  v . 

Local  Name  . 2d.;_j:.£...0.rl.'n . ; . 

Coordinates — Lat . xi*...5.Q.!....r....L*.rj!}:3 . :  Long . .7.1°..3.O..,.....r....l.^0J . 

GENERAL  DATA  ' 

Drainage  area:  Controlled . Sq.’Mi. :  Uncontrolled  .  Sq.  Mi.:  Total. ..2^...23...Sq.  Mi. 

Overall  length  of  dam  . So.'.! . ft. :  Date  of  Construction  . C..C..I  . 

Height:  Stream  bed  to  highest  elev . Z6 . ft.:  Max.  Structure  . LL..'./i. .  ft. 

Cost — Dam  . :  Reservoir  . 

DESCRIPTION  ha,i  ,,iri  *  imb-" 

Waste  Gates  r  C  Jr1.''' 3t  lor:  C3.TZCI 

Type  . . . . . .. . 

Number  . :  Size  .  ft.  high  x  .  ft.  wide 

Elevation  Invert . :  Total  Area . sq.  ft. 

Hoist  . 

Waste  Gates  Conduit  KE /\i  S>T  o  c  ft  -  M  c  r*  »  Wfilfiyiv1 

Number  . :  Materials  . 

Size . .a . ft. :  Length . ft. :  Area  . . .  sq.  ft. 

Embankment 


Height — Max .  ft.:  Min . . .  ft. 

Top — Width  . :  Elev . . . ft. 

Slopes — Upstream  .  on . :  Downstream  .  on . 

Length — Right  of  Spillway  . . . :  Left  of  Spillway  . 

Spillway 

Materials  of  Construction  . l.-s.i..,.O.l.'....rii.iA...*wsiXt.ic£j....i::.,._'.:?.f.'i.^aa.r^ . 

Length — Total  . . ft.:  Net  .  ft. 

Height  of  permanent  section — Max . ft. :  Min . ft. 

Flashboards — Type  . . E.!.Q.:I  Height . . ft. 

Elevation — Permanent  Crest  . :  Top  of  Flashboard  . 

Flood  Capacity  . .  cfs. : . cfs/sq.  mi. 

C»‘  -  '•  t.  -  ' 

Abutments 

Materials:  .  . 


Freeboard:  Max . U.'.-JJ. .  ft.:  Min. 


Headworks  to  Power  Devel. —  (See  “Data  on  Power  Development”) 

OWNER  . t.t.r. . . 

REMARKS  -  i-v  it  i  :.  ,p  d  o-t:..;  -  to  et  i  - 


C  a.  ^  —  2  V  5"  ■ 


INFORMATION  FROM 
PENNICHUCK  WATER  WORKS 


B  -4 


Repairs  to  Bowers  Dim 
March  13,  1976 


Cast  iron  guide  of  tube  gate  around 
two  inch  diameter  rod. 


Two  inch  diameter  guide 


PLANS  AND  DETAILS 
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BOWERS  DAM 


APPENDIX  C 


SELECTED  PHOTOGRAPHS 


Photo  No.  3  -  View  of  upstream  face  of  left  side  of  dam  from 
left  shore! ine. 


Photo  No.  4  -  View  of  upstream  face  of  penstock  intake 
structure. 


c-3 
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Photo  No.  5  -  View  of  upstream 
intake  structure 


Photo  No.  6  -  View  of  upstream  f 
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Photo  No.  15  -  View  of  downstream  pond  and  roadway  culvert. 
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APPENDIX  D 


HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 
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3.  Effect  of  surcharge  storage  on  max.  prco.  discharge 

1.  Pertinent  Data 

a.  Drainage  area  =  2  2.91  m\zs  .  ,  , 

.  '  C^o-o^^v.  roUl^  3-aJ.  VUJ. 

b.  Characteristics  of  basin  - 

c.  Test  flood  =  Uaa,  */z  FMF  ■si**, 

d.  Follow  Army  Corps'  procedure 

2.  STEP  1:  Determine  Peak  Inflow  C_.  from  Guide  Curve 

a.  the  maximum  probable  discharge  was  estimated  to 
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3.  STEP  2 :  Determine  surcharge  height  to  pass  Qpi  STOR*, 

and  Qp2 

a.  from  Figure  1  determine  surcharge  height  to  pass 
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4.  STEP  3:  Determine  surcharge  height  an 
Qp2  and  then  Qp3 


!?._  to  pass 


a.  From  Figure  1  determine  surcharge  height  to  pass 
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c.  Average  STOR^  and  STOR^ 
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STEP  4 :  Determine  surcharge  height  for  Qp^  and  STOR^ 
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II.  Using  "Rule  of  Thumb"  Guidance  for  Estimating  Downstream  Dam  Failure 
Hydrographs  examine  impact  of  dam  failure 

1.  Pertinent  Data 


a.  Failure  occurs  when  reservoir  level  at  crest  of 
dam  -  elevation  =  1  80.  °\ 


b.  Storage  at  crest  elevation  estimated  to  be  approximately 
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STEP  2 :  Determine  Peak  Failure  Outflow  Qp^ 
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Summary  of  Spillway  Capacity  at  Dams 


Drainage 

Length 

Ht.  of  Top 

Corresp. 

Area  in 

of  Spill¬ 

of  Embkt 

Discharge 

Bamarks 

Sq.  Mi. 

way  in  feet 

above  spill¬ 

c.f.s. 

way  in  feet 

c.f.s. 

per  sq. 

mile 

Holt 

21.12 

38.7 

1 

2.67* 

560 

26 

No  flash- 
boards 

Bowers 

22.99 

1*1*  net 

Max.  ht.  with  J> .5' 
of  flashboards 

2.0 

532 

23 

Waste  gate 

With  !*•  of  flash 

1*7 

also  forms 

boards 

3.5 

1079 

cir.  overflo 

Without  flashboards 

e 

7.5 

3280 

lt*3 

l*i  in  dia. 
Included 

Harris  (with  2'  of 

flashboards) 

2U.71 

85 

5.7 

3920 

155 

Without  flashboards 

7.7 

6050 

21*2 

Supply  Pond 

28 

Without  Flashboards 

25.36 

30 

3.7 

710 

No  deduction 
for  obstruct! 
caused  by  brl 

Discharge  capacity  of  the  penstock  approx.  300  c.f.s. 

Flood  discharges  of  streams  as  small  as  that  of  Pennichuck  Brook  (approximately 
2 5  sq.  miles)  have  frequently  been  observed  exceeding  l£0  c.f.s.  per  sq.  mile 
and  in  some  cases  exceeding  200  or  even  2$0  c.f.s.  per  square  mile* 


H)NDS  ON  THE  WATERSHED  OF  THE  FENNICHUCK  WATER  VDRKS 


